We report 15 new VRI light curves of five low-mass eclipsing binaries (NSVS 02502726, NSVS 07453183, NSVS 11868841, NSVS 06550671 and NSVS 10653195) that were observed between 2010 and 2012. We analysed our new data together with three published spectroscopic observations and seven published light curves using a modified version of the Wilson-Devinney program. Orbital solutions of the five low-mass eclipsing binaries were revised and new star-spot parameters were obtained. We found that spot locations on the five low-mass eclipsing binaries changed over several years. However, the star-spots for NSVS 07453183 and NSVS 06550671 were stable for several months. More interestingly, for NSVS 02502726, the spots within a star-spot longitude region of 180
, 3. Coughlin & Shaw (2007) , 4. Ç akirli, Ibanoglu & Dervisoglu (2010) , 5. Dimitrov & Kjurkchieva (2010 ), 6. Wolf et al. (2010 . Notes. For some comparison and check stars, we only give their RA and Dec. Spectral type (which was marked by *) was assumed using the colour index (Cox 2000) .
theory (Berdyugina 2005; Strassmeier 2009 ). Therefore, it is necessary to monitor the magnetic activity of low-mass eclipsing binaries.
The five eclipsing binaries in this study (NSVS 02502726, NSVS 07453183, NSVS 11868841, NSVS 06550671 and NSVS 10653195) were discovered to be variable stars from the Northern Sky Variability Survey (NSVS; Woźniak et al. 2004) . They show considerable distortions out of eclipse (e.g. Coughlin & Shaw 2007; Ç akirli et al. 2009; Ç akirli et al. 2010; Dimitrov & Kjurkchieva 2010; Wolf et al. 2010; Pribulla et al. 2012; Lee et al. 2013) and two of them (NSVS 02502726 and NSVS 06550671) show Hα emission (Ç akirli et al. 2009, 2010) . NSVS 06550671 (GSC 2314−0530, 1RXS J022050.7+332049) was an interesting eclipsing binary (Norton et al. 2007; Dimitrov & Kjurkchieva 2010) that was also assigned as SWASP J022050.85+332047.6 according to the SuperWasp photometric survey (Pollacco et al. 2006 ). Furthermore, Dimitrov & Kjurkchieva (2010) obtained multicolour CCD VRI photometric and spectroscopic observations of NSVS 06550671, and determined their global eclipse parameters. As for NSVS 02502726, NSVS 07453183, NSVS 11868841 and NSVS 10653195, Coughlin & Shaw (2007) obtained the orbital and starspot parameters using an Eclipsing Light Curve programme (Orosz & Hauschildt 2000) . Recently, Ç akirli et al. (2010) presented an optical spectroscopy and an extensive R-and I-band photometry, and derived the principal parameters of NSVS 02502726, especially stellar mass and radius, by simultaneously analysing the light and radial velocities curves. Ç akirli et al. (2009) derived the orbital parameters of NSVS 11868841 by analysing the radial velocity curves and the existing VRI bandpass light curves (LCs). All the published photometric and spectroscopic solutions of the five low-mass eclipsing binaries are summarized in Table 1 . Until now, there has been no period variation analysis of NSVS 07453183, NSVS 11868841, NSVS 06550671 and NSVS 10653195, and only one study of NSVS 02502726, where an orbital period analysis revealed that the period has experienced a continuous decrease of −5.9 × 10 −7 d yr −1 with a weak sinusoidal variation (Lee et al. 2013 ).
O B S E RVAT I O N S
In this paper, we carried out new photometric observations of the five low-mass eclipsing binaries from 2010 to 2012 (NSVS 02502726: 2010 November 26, 27, 28 and 29; 2011 January 29 and 31, and December 10, 11, and 13; 2012 February 18 and 20, and April 3, 6, 7 and 8; NSVS 07453183: 2011 March 22, 24, April 15, 17, and 18, and December 8, 9; NSVS 11868841: 2010 November 26, 27, 28, 29, and December 11, 12, 13, 15; GSC02314−00530: 2010 November 24; 2011 January 28, and February 1, and December 9; NSVS 10653195: 2012 April 3, 4, 6, 7, and 8) with an 85 cm telescope at Xinglong station of National Astronomical Observatories of China (NAOC). The photometer was equipped with a 1024 × 1024 pixel CCD along with Johnson-Cousins B, V, R, I filters (Zhou et al. 2009 ). Our observations were carried out in V, R and I passbands. We reduced all the observed CCD images by means of the APPHOT sub-package of the Image Reduction and Analysis Facility (IRAF) in the standard fashion (including image trimming, bias subtraction, flat-field division and cosmic ray removal). Our observation log is shown in Table 2 , which includes our object names, comparison stars (which were chosen near the target), check stars, typical exposure times and the total number of observations in VRI bands. The different magnitudes of our objects and comparison stars (in the sense of our objects minus the comparison stars) were used to construct the LCs and the results are shown in Fig. 1 . Since the fields of our objects were not crowded, the technique of aperture photometry was applied to extract the magnitudes. The criterion for choosing the comparison and check stars was that there was no variability in the previous observations (Ç akirli et al. 2009; Lee et al. 2013) . We also observed no intrinsic variability of the comparison and check stars. The check star was used to make sure that the comparison star was not itself variable. For NSVS 02502726, our comparison and check stars are the same to those of Ç akirli et al. (2009) and Lee et al. (2013) . All individual observations are shown in Table 3 in the form of the heliocentric Julian dates (HJD) and the VRI differential magnitudes between the eclipsing star and the comparison star ( Mag). We note that the scatters of individual points are better than 0.01 mag in all bands. Since no spectroscopic studies on Hβ and Hγ lines of NSVS 10653195 and NSVS 06550671 have been reported, we carried out a systematic analysis of spectroscopic observations in the literature to understand chromospheric activity. Our spectroscopic observations of NSVS 06550671 and NSVS 10653195 (Fig. 2) were carried out with an optical median resolution (OMR) spectrograph of a 2.16 m telescope at the Xinglong station of the NAOC in 2012. The OMR spectrograph was centred at about 4280 Å with a reciprocal dispersion of 1.03 Å pixel −1 and a wavelength range of 3700-4960 Å (Fang et al. 2010 ). The observational exposure time of NSVS 06550671 and NSVS 10653195 were 20 and 30 min, respectively. We also obtained high S/N spectra of inactive stars HR 2458 (M1 dwarf) and HR 2216 (M3 dwarf) that were used as templates. We performed a reduction of the spectra using IRAF packages, which involved bias subtraction, flat-fielding, cosmic ray removal, one-dimensional spectrum extraction and wavelength calibration.
P E R I O D A N D E P O C H D E T E R M I NAT I O N
Based on our new observations, we separately determined new times of light minima for all three bands using the previously used program (Kwee & van Woerden 1956; Nelson 2007) . The corresponding errors were determined by the covariance matrix of the leastsquares fit, which underestimates the uncertainties because it does not account for systematic errors. For the minima, each colour is individually fitted, and the eclipsing minimum times with their errors and observational filters are listed in Table 4 . The results combined for each epoch are also listed in Table 4 . To calculate an updated ephemeris and period variation, all available eclipse times were collected from the literature and included in the analysis (Table 5) . Using these minimum times, an updated linear ephemeris was then obtained for each system by using a least-squares fit, as listed in Table 6 . All minima were weighted equally because there were no published errors of the 10 minima, and they were all observed with a similar CCD method. Based on our new ephemeris, the O−C values of minimum times are calculated and listed in Table 5 . To clarify the period change, we plotted these values in Fig. 3 . It seems that there may be a weak variation of NSVS 02502726 when using the reduced chi-square test. The least-squares method was then used to obtain the following quadratic ephemeris.
NSVS 02502726 :
Min.I = JD(Hel.)2454497.5500(±0.0001) +0.559 7788(±0.000 000 01)E − 1.6(±0.6) × 10
This suggests a weak continuous secular decrease of the period at a rate of dp/dt = −2.1(0.8) × 10 −7 d yr −1 for NSVS 02502726. For NSVS 07453183, the O-C times appear to increase at cycle 6000, then decrease at cycle 6500. For NSVS 11868841, NSVS 6550671 and NSVS 10653195, but there are no obvious variations.
LC ANALYSIS
We plotted the LCs of our new observations in Fig. 1 , where the phases of data points were calculated using the newly derived epochs. The new observations allowed us to analyse orbital and star-spot parameters, and chromospheric activity.
The orbital parameters and star-spot parameters
We detected out-of-eclipse distortions in the LCs for our objects, as shown in Fig. 1 . Since our data have a high time resolution Notes. 1 represents the primary minima, and 2 represents the secondary minima. and full phase coverage (except for NSVS 10653195), the orbital solutions of the low-mass eclipsing binaries could be well derived using an updated version of the Wilson-Devinney (WD) program (Wilson & Devinney 1971; Wilson 1990 Wilson , 1994 Wilson & Van Hamme 2004 . For NSVS 02502726, NSVS 11868841 and NSVS 06550671, the radial velocity observations were carried out by Ç akirli et al. (2009, 2010) and Dimitrov & Kjurkchieva (2010) , respectively. Therefore, our VRI LCs and the published radial velocities were analysed simultaneously to obtain the photometric-spectroscopic elements. For NSVS 07453183 and NSVS 10653195, since there have been no previous spectroscopic observations, we have used the relationship of a reliable mass ratio and the weighted sum of squares of residuals to find reasonable results. Although we could not obtain LCs with sufficient phase coverage, we derived the geometric parameters, since there was only a small gap. We used an updated version of the WD program to calculate the orbital solutions of the low-mass eclipsing binaries (Wilson & Devinney 1971; Wilson 1990 Wilson , 1994 Wilson & Van Hamme 2004 , which were implemented using the FORTRAN programming language. The procedure of photometric solution consisted of three consecutive steps (Zhang & Gu 2007) : (1) The first step of our procedure was to adjust the orbital parameters that were selected, in order to obtain a theoretical LC without maculation effects using those parts of the observed LC that were least affected by the spots. (2) The second step of our procedure involved adjusting the spot parameters in order to fit the remaining parts of the LCs, especially, to reproduce the shapes of the distortion outside the eclipses. (3) The final step was to separately adjust the orbital parameters and spot parameters again until they converged or the theoretical curves fitted the observed ones well. The details of the procedure for the orbital solution are similar to those in our previous works of several eclipsing binaries of RT And (Zhang & Gu 2007) , DV Psc (Zhang, Zhang & Zhu 2010a) , GSC 3576−0170 (Zhang et al. 2010b) , KQ Gem (Zhang 2010 ) and V1034 Her (Zhang 2012) . During the process, the gravity-darkening exponents were set at 0.32 according to the stellar temperatures given by Claret (2000) . The bolometric albedo A 1 = A 2 = 0.5 (Rucinski 1969) were set for late-type stars with a convective envelope. The primary temperatures were taken from the previously assumed results (e.g. Coughlin & Shaw 2007; Ç akirli et al. 2009; Dimitrov & Kjurkchieva 2010) , which were derived by the infrared colours of the 2MASS catalogue (Skrutskie et al. 1997 ) with the infrared colour-effective temperature relationship given by Tokunaga (2000) . Linear limbdarkening law was used to compute the limb-darkening effect from van Hamme (1993). It should be mentioned here that there have been no spectroscopic observations for NSVS 07453183 and NSVS 10653195. Hence, we explored a wide range (0.2-3.0) to search the reasonable mass ratios. However, because of the LC distortions, we failed to obtain a satisfactory fit to both the quadratures of the LCs with an unspotted modelling. Therefore, we set the weights of part of the data (NSVS 07453183 and NSVS 10653195 with phases between 0.6 and 0.9) to zero, and fitted the other part of the Five low-mass eclipsing binaries 2627 LCs. This may be a viable way to obtain a proper solution , related reference). For each assumed value of q, the LCs in different bands were simultaneously solved based on mode 2 (detached mode). We obtained the solutions for all the assumed mass ratios from several runs. The relationship between the sum of the weighted square deviation ( (O − C) 2 i ) and the mass ratios of NSVS 07453183 and NSVS 10653195 are illustrated in Fig. 4 , where the lowest values are found to be about 0.6 for NSVS 07453183 and 0.25 for NSVS 10653195, respectively.
Because there were no spectroscopic components, especially spots on the quadratures, it was difficult to tell whether spots were located on the primary or secondary components (Zhang & Gu 2007; Zhang et al. 2010a) . Therefore, we assumed that the spots were on the surface of the primary. Moreover, it is reasonable to fix the spot latitude, since the spot area and the latitude are highly correlated with its temperature and radius, respectively. The starspot temperature is based on measurements from a simultaneous modelling of high-precision, absolutely calibrated, multibandpass photometric data, Doppler imaging result, modelling of molecular bands and atomic line-depth ratio (Berdyugina 2005; Strassmeier 2009 ). The latter is the most accurate method. The current precision of the photometric observation (about 0.01 mag) does not enable reliable determination of the temperature of spots (Eker 1999) . Moreover, the determination of a star-spot temperature is always mathematically correlated with the determination of the star-spot size. Therefore, it is reasonable to explain the LC evolution by not varying spot temperatures but rather, focusing on effective spot sizes and longitudes. Here, the latitude of the spot is assumed to be at 90
• , which means that spot centres are on the equator of the component. The longitude of the star-spot centre is measured counterclockwise (as viewed from above the +Z-axis) from the line of the star centre, from 0 to 2π rad. Thus, in this paper, it has been transformed to a binary orbital motion notation.
The adjustable orbital parameters used in differential correction calculations are the orbital inclination i, the temperature of the secondary T 2 , the dimensionless potentials of the two components L 1 deriving from the approximate Kurucz atmosphere model option of the WD program (Kurucz 1993) . The preliminary values of these orbital parameters were taken from the prior photometric solutions (see Table 1 ). After a great many runs (a single run allows us to enter into the preliminary parameters, that eventually results in a more reliable outcome.), the orbital solutions were derived (Table 7) . For NVSV 06550771, the detached (Mode 2 in WD program) was first used to check whether the surface potential of the components reached their Roche limits or not. After trials, it was found that the primary component filled its Roche lobe. Thus, we changed mode 2 (detached system) to mode 4 (semi-detached system) for NVSV 06550771 consistent with the results derived by Dimitrov & Kjurkchieva (2010) . Our new star-spot parameters along with published results obtained by other astronomers are listed in Table 8 . The errors of our obtained parameters came from the covariance matrix of the least-squares fit. The theoretical and observed LCs are shown in Fig. 5 , and corresponding configurations are shown in Fig. 6 .
We collected seven LCs published by Coughlin & Shaw (2007) , Ç akirli et al. (2009) and Lee et al. (2013) . When comparing the LCs with each other, we found that there are variations on the shapes (in Figs 1 and 7) . This indicates that the LCs are variable over several years for NSVS 02502726, NSVS 07453183, NSVS 11868841, NSVS 06550671 and NSVS 10653195. To study an evolution of star-spots on these systems, we attempt to derive the spot parameters for the collected LCs on the basis of our new photometric solution. Because the spot area is highly correlated with its temperature and the latitude is highly correlated with its radius, it is reasonable to only adjust one of the three spot parameters. Hence, we assumed that the spot latitude and temperature did not change and we only adjusted the spot longitude and radius. At the same time, we also adjusted the luminosity of the primary L 1 because we used different telescopes and comparison stars. After several runs, we derived starspot parameters. The results are listed in Table 8 , the theoretical and observed LCs are shown in Fig. 7. 
The chromospheric activity analysis
The Hβ and Hγ lines are useful diagnostic indicators of chromospheric activity for late-type stars in the middle chromosphere (e.g. Gunn & Doyle 1997; Montes et al. 1997 Montes et al. ,2004 Zhang & Gu 2008; Zhang 2011) . The emissions at cores of these lines are the traditional behaviour of chromospheric activity. Our normalized spectra of NSVS 07453183 and NSVS 10653195 were analysed by the spectral subtraction technique using the program, STARMOD (Barden 1985; Montes et al. 1995) . In this method, we constructed the synthesized spectra from artificially rotationally broadened, radial-velocity shifted, and the weighted spectra of the two inactive stars with the same spectral type and luminosity class as two components of the active systems. The intensity weights for spectral subtraction were obtained from photometric LC modelling, which was also used to discuss the chromospheric activity of the eclipsing binary ER Vul by Gunn & Doyle (1997) . We used the inactive star HR 2458 as a template for NSVS 07453183 and NSVS 10653195. The synthesized and subtracted spectra (the observed spectra minus the synthesized one) are shown in Fig. 2 . We calculated the equivalent widths (EWs) and the full width at half-maximum of the Hβ and Hγ lines, which were evaluated on the subtracted spectra by integrating them over the emission profile using an IRAF SPLOT task. These parameters confirmed the chromospheric activity of NSVS 07453183 and NSVS 10653195. The results are listed in Table 9 . Usually the short-period eclipsing binaries rotate quite 
0.5679 ± 0.0024 0.5494 ± 0.0037 0.5807 ± 0.0008 0.6558 ± 0.001 0.9559 ± 0.0001 fast. For GSC 2314−0530, the rotational velocities of the primary and secondary components were 145 and 69 km s −1 , respectively (Dimitrov & Kjurkchieva 2010) . They had very wide spectra. Because the resolution of our spectra was about 4000, the spectral lines of the primary and secondary were blended. We could not determine the activity levels for each stellar component of the binaries. The chromospheric emissions represent the components of the eclipsing binary.
D I S C U S S I O N S A N D C O N C L U S I O N
We have presented the new 15 CCD V, R and I LCs of the five low-mass eclipsing binaries (NSVS 02500276, NSVS 07453183, NSVS 11868841, NSVS 06550671 and NSVS 10653195), and two spectra of the NSVS 06550671 and NSVS 10653195. The cases are discussed and summarized as follows.
The flare event
Flares are known as sudden and violent events that release magnetic energy and hot plasma from the stellar atmosphere, which are detected on magnetically active stars. However, in our studies, no flare activity was observed on NSVS 07453183. As can be seen from Fig. 1 , a flare event appeared around phase 0.39 on 08/12/2011 (HJD 2455904.3064) . In order to demonstrate that, we calculated the residuals between the observations and theoretical values (displayed in Fig. 8 ). The flare duration was found to be 116 min (phase 0.33-0.55) and the time required for the flare to peak was about 32 min. Thus, it can be assumed that the brightness decayed slowly after the initial rapid flaring. The maximum amplitudes of the flare were 0.1 mag in V, 0.076 mag in R and 0.05 mag in I band (Fig. 8) . The flare might have been located on the primary component since it occurred around phase 0.33-0.55, when most the secondary was eclipsed. NSVS 07453183 was monitored photometrically for a total of 26.6 h. It seems that the flare rate of NSVS 07453183 might have been 0.0375 h −1 , but more data is needed to confirm this. Similar flare events have also been reported for other low-mass eclipsing binaries such as CU Cnc (Qian et al. 2012) , CM Dra (Lacy 1977; Kim et al. 1997; Kozhevnikova et al. 2004; Nelson 2007) , DV Psc (Zhang et al. 2010a) , NSVS 06550671 (Dimitrov & Kjurkchieva 2010) , V405 And (Vida et al. 2009 ) and YY Gem . For NSVS 06550671, we found no flare events during our observational runs, and this indicates that it might have been stable in the studied time period. However, Dimitrov & Kjurkchieva found six flares on NSVS 06550671 in 2009 (Dimitrov & Kjurkchieva 2010) , which revealed its high flare activity at the time of the study. So far, NSVS 06550671 has been monitored photometrically for 22.74 h by us and 31.93 h by Dimitrov & Kjurkchieva (2010) . The updated flare rate of NSVS 06550671 is about 0.11 flares h −1 , which is larger than most of the other binaries (Table 10 ), e.g. 0.0386 flares h −1 of CM Dra (Lacy 1977; Metcalfe et al. 1996; Kim et al. 1997; Kozhevnikova et al. 2004; Nelson & Caton 2007 ) and 0.05 of CU Cnc (Qian et al. 2012 ). 
NSVS 06550671 22 2.3 ± 0.4 8.5 ± 1.5 25 2.5 ± 0.5 6.76 ± 0.2 NSVS 10653195 27 1.7 ± 0.2 4.9 ± 0.2 34 2.5 ± 0.3 8.4 ± 4.5
Orbital parameters and star-spot parameters
Our studies reveal remarkable distortions of the LCs of the five low-mass eclipsing binaries, which suggests the presence of highlevel surface activity on these system components. We have presented reasonable explanations for these, which have been based on star-spot due to magnetic activity. Our new orbital parameters of the inclination, the effective temperatures of the secondary, and the contribution of the primary component are similar to those derived by previous authors (Coughlin & Shaw 2007; Ç akirli et al. 2009 Dimitrov & Kjurkchieva 2010) . The mass ratios of NSVS 11868841, NSVS 02502726 and NSVS 06550671 are similar to those derived by Ç akirli et al. (2009, 2010) and Dimitrov & Kjurkchieva (2010) . However, the mass ratios of the NSVS 07453183 and NSVS 10653195 are different from the previous results (Coughlin & Shaw 2007) . These observations should be confirmed by further spectroscopic results. The absolute parameters of NSVS 02502726, NSVS 11868841 and NSVS 06550671 were analysed together with our new CCD LCs and the published radial velocity curves (Ç akirli et al. 2009 Dimitrov & Kjurkchieva 2010) . Using our new physical parameters of these low-mass eclipsing binaries, we checked the evolutionary state of these systems in a mass-radius diagram with a mass range of 0.1-1.0 m (Fig. 9) . We displayed the parameters of NSVS 02502726, NSVS 11868841 and NSVS06550671 as , •, , respectively. The components of each binary are connected with a light line and the different colours represent the different results derived by different authors (Ç akirli et al. 2009 Dimitrov & Kjurkchieva 2010; Lee et al. 2013) . In order to compare the observed parameters with the theoretical physical parameters, we also plotted the predicted values of the stellar evolutionary models with the solar metallicity derived by Baraffe et al. 1998 , and the dashed lines represent the isochrones from the Baraffe et al. (1998) models with log ages = 7.0, 7.1, 7.2 and 7.8 yr, respectively. Further, we also portray the experienced mass-radius relationship of Bayless & Orosz (2006) by a solid line. The primary components of NSVS 02502726, NSVS 11868841 and NSVS06550671 (semidetached model) are consistent with the previous observational and theoretical values of low-mass eclipsing binaries. The radii of the Bayless & Orosz (2006) and the dashed lines represent the isochrones from the Baraffe et al. (1998) models with log ages = 7.0, 7.1, 7.2, 7.8 yr, respectively.
secondary component of NSVS 02502726 and NSVS 11868841 are larger than those predicted by the stellar theory (Baraffe et al. 1998) . From this figure, we found a best-fitting age of the secondary component of NSVS 02502726 as 126 myr and the secondary component of NSVS 11868841 as 112 myr, thus indicating that they are younger than their corresponding primary components. Using their mass and radius, we determined that both the secondary components of the NSVS 02502726 and NSVS 11868841 were in the stages of the pre-main-sequence contraction. Our results are consistent with those derived by Ç akirli et al. (2009, 2010) and Lee et al. (2013) .
The star-spot evolution
Decades of the continuous photometric monitoring of RS Cvn stars revealed that, according to many astronomers, the spot tends to occur around the quadrature longitudes (90 • and 270
• ) forming two active longitude belts (Zeilik et al. 1988 (Zeilik et al. , 1989 (Zeilik et al. , 1994 Olah et al. 1989; Henry et al. 1995; Lanza et al. 2001; Lanza, Catalano & Rodonò 2002; Ç akirli et al. 2003; etc.) . The active longitudes are permanent but can continuously migrate in the orbital reference frame (Berdyugina & Tuominen 1998) . There is periodic switching of the dominant activity from one active longitude to the other (flip-flop cycle; Berdyugina & Tuominen 1998). There was a mechanism based on an oscillating quadrupole type mode and a steady, mixedpolarity non-axisymmetric mode to explain them (Moss 2004) . Considering that the most reliable star-spot parameter determined by the traditional LCs method is active-region longitude (Berdyugina 2005), we studied the star-spot evolution of the five low-mass eclipsing binaries based on their star-spot longitudes. When comparing the star-spot longitudes in different seasons, our results are different from those previously obtained results (see Table 8 ). For the evaluation of the total distortion of the LCs, Pribulla et al. (2000) introduced a dimensionless factor, which was defined as the ratio between the luminosity blocked by spots and the total luminosity of an unspotted binary. The calculated resulting spot factors are listed in • suggests that its activity is also variable over several months (see Fig. 1 ). Such a short-term variation of several months was also found on other low-mass eclipsing binaries, e.g. NSVS 065007557 (Coughlin & Shaw 2007) and K10200948 (Harrison et al. 2012) . However, the position of spot within the longitude around 90
• suggests that the activity is stable in short time-scale of two months. Moreover, the star-spot longitudes and factors of NSVS 07453183 and NSVS 06550671 are stable on a short time-scale of several months. Therefore, the star-spot of NSVS 07453183 and NSVS 06550671 can be considered to be quite stable over several months.
The longitude of the spots has been checked for a possible magnetic cycle around the quadrature position (Pribulla et al. 2000; Rodonò et al. 2000; Dal, Sipahi &Özdarcan 2012) . The similar functions (the quadratic trend combined with sine waves or quasisinusoidal variation) were also used to search the magnetic cycles of RT And (Pribulla et al. 2000) , II Peg (Rodonò et al. 2000) and GSC 02038−0293 (Dal et al. 2012) . For NSVS 02502726, the starspot position within a longitude region of 180
• -360
• was found to be variable (see Fig. 10 ). To examine its activity cycle, a sinusoidal function (y = y0 + A × sin(w × x + a)) analysis was performed using the least-squares method, which led to the following equation:
Spot Longitude (degree) = 269.5(3.1) +32.7(3.5) × sin(0.0029(0.0001) × t + 7.2(0.2)).
The result is displayed in Fig. 10 . The sinusoidal term of the above equation reveals a periodic oscillation with an amplitude of 32.
• 7(3.
• 5). Using T = 2π/(365*ω) (yr), where ω is the coefficient of t in days, the magnetic cycle is 5.9(±0.2) yr resembling the activity of the Sun (Berdyugina & Usoskin 2003) . For close binaries with cool active components, the magnetic activity cycles are suggested to be associated with the variation of the orbital period (Hall 1989) . The relationship between the orbital period modulation and the star-spot cycle has been discussed by previous authors (Applegate 1992; Keskin et al. 1994; Rodonò, Lanza & Catalano 1995; Lanza, Rodonò & Rosnor 1998a; Lanza et al. 1998b) . For NSVS 02502726, we found there is a weak period variation (Fig. 3) . However, the time span covered by the available data is insufficient for us to draw any definite conclusion (the connection between magnetic activity and orbital period variation). According to Rudiger, Elstner & Ossendrijver (2003) , the cyclic stellar activity is always most possibly associated with strong internal differential rotation. The star-spot preferred longitudes can be explained by tidal effects on the dynamics of magnetic flux tubes, which are thought to give rise to star-spots as they emerge on the stellar surface (Holzwarth & Schüssler 2002) . In addition, the total spotted area can also be used as an index of the overall magnetic activity (Lanza et al. 1998b ). There are variations in the spot radius for NSVS 02502726 on the secondary quadratures (see Fig. 10 ). The radius of the secondary of NSVS 02502726 is smaller than that found by Ç akirli et al. (2009) . It is to be noted that the LC distortions of ours and Lee et al. (2013) are weaker than those of Ç akirli et al. (2009) . The variation in the spot radius may be caused by star-spot evolution.
Period variation of low-mass eclipsing binaries
To clarify the period change, we considered the possibility of orbital period variation by analysing the minima times of NSVS 02502726, NSVS 07453183, NSVS 11868841, NSVS 06550671 and NSVS 10653195. The (O−C) diagrams suggest the possible decrease of period for NSVS 02502726. Our analysis of NSVS 02502726 suggests a weak continuous secular decrease of the period at the rate of dp/dt = −2.1(0.8) × 10 −7 d yr −1 , which is smaller than the result of Lee et al. (2013) . On the one hand, the period variation may be caused by mass transfer from the primary component (more massive) to the secondary one (less massive). On the other hand, the period decrease might be due to magnetic braking (e.g. Applegate 1992; Lanza et al. 1998a) . For NSVS 07453183, we found sudden jumps in the orbital period. Period jumps are a fairly common phenomenon in close binaries, although the physical mechanism for the period jump is not well known. There are several hypotheses to explain the sudden period changes (Li & Zhang 2006) . These include the mass ejection from the star-spots and then mass transfer and subsequent angular momentum release (Helt 1987) , the variation of the structure of the convective envelope (Qian 2002) , and the mass-loss or mass accretion from the circumstellar matter (Scaltriti et al. 1993) . Moreover, the time spans of O−C residual of these low eclipsing binaries are around less than 10 years, and also there is also an observational gap. Therefore, it is too early to decide the characteristics of the periodic variation, and future photometric monitoring observations are needed for confirmation.
Chromospheric activity of NSVS 06550671 and NSVS 10653195
Prior to our new observations, there was no information about the behaviour of the chromospheric activity indicators (the Hβ and Hγ lines) of NSVS 10653195 and NSVS 06550671. In the present study, we can see from the observed spectra of NSVS 06550671 and NSVS 10653195 that the chromospheric activity indicators of the Hβ and Hγ lines show strong filled-in absorption with selfreversal core emissions (Fig. 2) . The subtraction spectra reveal that the cores of these lines exhibit excess emissions. All this indicates that the chromospheres of NSVS 06550671 and NSVS 10653195 are active, which may originate the plage-like regions. For NSVS 06550671, our results are consistent with the Hα emission derived by Dimitrov & Kjurkchieva (2010) .
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